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Crayfish walking leg neuronal biosensor for the detection
of pyrazinamide and selected local anesthetics
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Abstract

Neuronal biosensors based on the use of crayfish Procambarus clarku walking legs are reported for the first time
and possible analytical applications are explored The neuronal biosensor 1s shown to respond selectively to the
antitubercular drug and potent food marker, pyrazinamide The sensor 1s characterized with respect to selectivity,
dose-response relationship, reproducibility and operating lifetime The detection of local anesthetics is accomplished
by monitoring the decrease in pyrazinamide-induced nerve firing 1n the crayfish walking leg This decrease 1s a result
of the local anesthetic block of the axonal sodium channels 1in the nerves Applicability of this novel procedure to
analytical measurements 1s demonstrated by the construction of dose-response curves for several local anesthetics
Problems associated with the current sensor configuration are presented and future research directions that may

mmprove the neuronal-based biosensor are discussed
Keywords Biosensors, Crayfish, Pyrazinamide

In recent years researchers have recognised
the analytical applicability of the umique binding
properties of neuronal receptors Recent ad-
vances using 1solated neuronal receptors, such as
the micotinic acetylcholine receptor (nAchR), n-
clude non-isotopic binding assays and the devel-
opment of receptor-based biosensors Biosensors
have been designed using the nAchR that detect
hgand binding as a change 1n capacitance [1],
mpedance [2] or fluorescence [3,4] The difficul-
ties associated with the 1solation, purification,
mmobilization and stabilization of these recep-
tors, however, has led to the investigation of
mtact receptors for brosensing applhications A
neuronal biosensor has been reported which uti-
lizes the visceral gangha of the pond snail for the
detection of the neurotransmitter serotonin [5]
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Our approach has been to use intact chemore-
ceptor structures from the decapod crustacea for
the detection of receptor stimulants This ap-
proach allows the sensing cells to remain 1n their,
presumably optimized, native environment The
chemoreceptors function by converting binding
energy into electrical impulses (action potential
spikes) that can be recorded by conventional elec-
trophysiological microelectrode techmques Our
earlier papers reported the application of anten-
nules from the blue crab Callinectus sapidus to
neuronal biosensing [6-8] All of our studies with
the antennular chemoreceptor-based biosensors
have recently been reviewed [9,10] These studies
demonstrated the extreme sensitivity, high selec-
tivity and broad response range that could be
achieved using this approach Recently we re-
ported the use of antennules from the freshwater
crayfish Procambarus clarku for the selective de-
tection of the antitubercular drug pyrazinamide
[11] The freshwater crayfish offers better thermal
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and time stability than the salt water crabs used
1 previous studies thus leading to longer viable
sensor hifetimes and obviating the need for ngid
control of the temperature

Electophysiological investigations of the pyri-
dine receptors located in the walking leg of the
crayfish Austropotamobius torrentium have shown
pyrazinamide to be the most effective stimulant
of action potential firing among the 79 pyridine
analogs tested [12] In this communication we
report on the first use of the the crayfish walking
leg for the development of a chemoreceptor-based
biosensor for the detection of pyrazinamide This
paper also reports on a novel use of the intact-
chemoreceptor biosensor for the detection of lo-
cal anesthetics Local anesthetics (LAs) can be
detected based on their ability to block the ax-
onal sodium channel and thus their ability to
decrease the excitability of nerve upon stimula-
tion with the potent stimulant pyrazinamide

Electrophysiological and behavioral studies
have revealed the presence of chemoreceptors on
the antennules and both first and second walking
leg (pereiopod) of the crayfish [13] Crayfish
perelopods are comprised of a two part protopod,
the coxa and basis The endopod (the walking leg
lacks an exopod) rises from the protopod and
consists of five articles 1schium, merus, carpus,
propodus and dactylus In the first and second
pereiopod the propopodite and dactylopodite
form a pincers Chemosensory sensilla (aesthe-
tascs) are located on the crayfish antennules and
the first and second pereiopods A schematic
depicting the structure of the crayfish first
pereilopod 1s shown 1 Fig 1 Morphological 1n-
vestigation by Altner et al [14] has shown that
each sensillum of the crayfish A torrenttum con-
sists of eight dendrites, six of which are
chemosensitive, lying within a central canal The
pore of the canal 1s plugged with electron dense
material suggested to be mucopolysaccharides
through which all stimulus molecules must diffuse
to reach the dendrites The physiology of
chemoreception has been presented n detail pre-
viously [6-11] and will not be discussed further
here

The structure and pK, of the LAs mnvestigated
i this report are depicted in Fig 2 Extensive
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Fig 1 Schematic diagram of the structure of the crayfish first
peniopod

electrophysiological studies have shown that the
mode of action of the LAs 1s to block the
voltage-dependent sodium channel 1n nerve
membranes resulting in a depression m the ex-
citability of the nerve fibers [15] Several mecha-
nisms have been proposed to describe the action
of the LAs The simplest of these, the one-site
model, proposes that both charged and un-
charged LLAs bind at a single site 1n the channel,
leading to channel block A “modulated receptor
hypothesis” has been proposed by several re-
searchers [15-17] to account for the use-depen-
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Fig 2 The structure and pK, of the local anesthetics investi-
gated in this report
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dent blocking properties and the wide variety in
the potency and duration of action of the LAs
This model postulates that each channel state
(1 e, open, resting or mactivated) can have differ-
ent kinetics of interaction with the LAs The most
rapid interaction of the LAs 1s for open channel
block but their highest affinity 1s for mactivated
forms of the channel Studies have shown the
molecular size, hipophilicity and charge of the
LAs to be mmportant determinants of potency of
sodium channel block [15-18]

Many methods, including polarography [19] and
spectrophotometry [20] have been reported for
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the detection of LAs A recent paper reported
the use of PVC-coated wire electrodes for the
potentiometric deternination of the cationic
forms of the LAs [21] A rapid assay procedure
for LA activity has been reported based on the
competitive inhibition of [*H]batrachotoxinin A
20a-benzoate binding to voltage-dependent
sodium channels 1n a vesicular preparation from
the gumea pig cerebral cortex [22] A non-iso-
topic assay procedure for the screeming of LA
activity and the quantitative detection of LAs 1s
presented in this report This report imtroduces
the novel application of the intact-chemoreceptor
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Fig 3 Schematic of the experimental set-up used to record the action potential firing of the nerves
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biosensor for LA detection based on LA blockage
of axonal sodrum channels

EXPERIMENTAL

Reagents

The neural bathing solution and carrier was
prepared according to a modified Van Harreveld
formula and consisted of 205 mM NaCl, 54 mM
KCl, 135 mM Ca(Cl,, 2 6 mM MgCl, and 10 mM
Tris—malate buffer adjusted to pH 75 Stock
solutions of the local anesthetics, procaine hydro-
chloride, lidocaine hydrochloride and tetracaine
hydrochloride (Sigma), the pyridine analogues,
pyrazinamide, 3-acetyl pyridine and nicotinamide
(Sigma), and all other possible stimulants were
prepared daily or as required in the neural bathing
media Tracer studies were performed with a
2,6-dichlorophenolindophenol sodmum salt (DC-
PIP, Sigma) dye solutton 1n deionized water

Apparatus

A schematic diagram of the experimental set-
up 1s shown m Fig 3 The specally designed
plexiglass cell was constructed to fit on the me-
chanical stage of a BioStar 1820 (Reichert-Jung)
mnverted biological microscope The microscope
was capable of a maximum magnification of 450
X A video umt attached to the mmcroscope
consisting of a Hitach1 VK150 colour video cam-
era connected to a Sony Trinitron color video
monitor extended the maximum magnification ca-
pability to 1700 X , thus allowing visualization of
the sensory aesthetascs and nerve fibers The
video 1mages were stored on video tape using a
JVC HR-D660U wvideo cassette recorder for sub-
sequent photography with a Chinon CM-7 35-mm
camera

The cell consisted of a circular chamber of 2
cm diameter, surrounded by a water jacket for
temperature control The bottom of the cell was
lined with a Sylgard 184 (Dow Corning) elas-
tomer for the pmmning of the preparations The
flow 1nto and out of the cell was controlled by the
same peristaltic pump (Raimin) The bathing solu-
tion was introduced and removed through two
ports located approximately 2 mm from the top of
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the chamber (total depth of 12 mm) and 45° to
each other The outlet tubimmg was of a larger
diameter than the inlet in order to maintain a
constant operating volume 1n the cell Test solu-
tions were mtroduced via a four-way valve
(Rheodyne) equipped with a 025-ml sample 1n-
jection loop located 20 cm from the inlet port
Reference and ground wires were inserted into
the cell and connected to a Grass P-15 physiolog-
ical preamplifier Glass micropipettes were pulled
to approximately 25 um taper (Narishige PP-83
glass microelectrode puller) and flame polished
by rapidly passing through the flame An
Ag/AgCl electrode was nserted into the mu-
cropipette and positioned 1in the holder (EW
Wright) and then placed in the micromanipulator
(Narishige) and connected to the preamplifier
The amplifier output was momtored on a Sony
Tektronix 314 storage oscilloscope and also fed
into one channel of a Yamaha KX-W900U stereo
cassette deck for storage on audio tape A micro-
phone enabled an oral account of the experiment
to be recorded on the other channel of the audio
tape and speakers attached to the stereo cassette
recorder allowed aural momitoring of action po-
tential firng Data analysis was accomplished by
feeding the stored data into a window discrimina-
tor and digital event counter (Newark Electron-
ics) for frequency counting Stored data was also
fed into a Macintosh SE computer via a Macln-
struments data acqusition package (GW Instru-
ments) allowing the computer to function as a
storage oscilloscope

Procedures

The freshwater crayfish P clarku could be
conveniently captured mn the Manoa stream lo-
cated on the umwversity campus The first pereio-
pod of the crayfish was excised at the ischium-
merus joimnt, placed on a microscope slide and
submerged 1n a drop of neural solution The hard
carapace and connective muscle were removed
from the merus and carpus portions of the walk-
mg leg to reveal approximately 1 cm of nerve
fibers The whole preparation consisting of the
propopodite and dactylopodite pincers and the
nerve bundle was pmned nto the cell, mounted
on the microscope mechanical stage and con-
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nected to the flow hines Oxygenated neural saline
solution was circulated through the cell at all
times 1 an effort to increase the viable hfetime
of the sensing system The Ag/AgCl pickup elec-
trode was positioned with the micromanipulator
to gently contact the nerve fibers and mild suc-
tion was applied to the back of the micropipette
to fill the electrode with electrolytic flmd and
establish good electrical contact with the nerve
fibers Spontaneous action potential firing of the
nerves was then momitored on the oscilloscope
(and over the speakers) to ensure good electrical
contact and to check the viability of the nerves
The injection of the various analytes was carried
out and the frequency of action potential firing
monitored If no response was observed the elec-
trode was repositioned and the process repeated
Frequency of action potential firing (spike fre-
quency) was monitored by counting the number
of events falling 1n a set time period, usually 8 s,
with the window discriminator and event counter
Background (spontaneous) firing frequencies were
also counted and subtracted from the response
frequency Dose-response curves for pyrazin-
amide were obtained by injection of senally di-
luted stock solutions always commencing with the
least concentrated to minimize receptor satura-
tion, adaptational effects and nerve damage by
this toxic stimulant The dose-response curves for
pyrazinamide were constructed by plotting the
maximum firing frequency versus concentration
Inhibition curves for the LAs were obtamed by
mjection of mixed solutions consisting of a con-
stant pyrazinamide concentration, to elicit action
potential firing, and variable LA concentrations
The nhibition curves were constructed by plot-
ting the decrease in the maximum pyrazimamide-
mduced firing frequency, or the decrease in ac-
tion potential amplitude, versus concentration
Tracer studies were performed by mjection of
1 mM of DCPIP mto the chamber using deion-
1zed water as the carrier Samples of 50 ul were
taken at intervals after the imjection of DCPIP
from the centre of the chamber and at the side of
the chamber where the walking leg pincers were
normally pmnned The samples were diluted to 05
ml with deiomized water and their absorbance
measured at 600 nm on a Milton Roy Spectronics
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1201 spectrophotometer The concentration was
expressed as a percentage of the maximum con-
centration attamned 1n the center of the chamber
and related to the mjected concentration by lin-
ear extrapolation Standard solutions of DCPIP
were also prepared and their absorbance meas-
ured to ensure that the Beer—Lambert law was
obeyed over the concentration range used

RESULTS AND DISCUSSION

Tracer studies

Tracer studies of the bathing cell using the dye
DCPIP were performed mn order to investigate
the mixing process in the chamber and the rela-
tionship between the injected concentration and
the maximum concentration reached in the cham-
ber Tracer studies are also helpful in determin-
ing the washout time of the stimulant At the
Amax for DCPIP (600 nm) an egyq of 16000 M ™!
cm™! was calculated from the linear absorb-
ance—concentration curve for DCPIP concentra-
tions up to 0 1 mM (n =6, r?>=09999) Sampling
of the tracer solution was from a point in the
center of the chamber where the nerve fibers
were pinned and electrode contact with the nerve
fibers was normally achieved and also from a
position at the side of the chamber 90° from the
mlet where the crayfish pincers that contamn the
chemosensory aesthetascs were normally pinned

025
1 +
020 + OQ‘;
N i+ 3
5 o0154°
< ?
[
: 010 1 °
{¢ + g
005
] ?
000 R v —
0 100 200 300 400
Time (s)

Fig 4 Time course of injected DCPIP n the cell at sampling
positions 1n the center of the cell (+) and 90° from the inlet
)
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The time course of the mnjected dye solution at
both sampling positions 1n the chamber 1s shown
i Fig 4 The zero time mdicates the time at
which the sample mjection loop was opened, thus
explaining the 14-s time lag between injection
and mcrease 1 response This figure shows that
little variation 1s seen 1n the time profile of the
dye solution between the two different sampling
positions, demonstrating the good mixing
achieved m the chamber The maximum 1n the
response profile 1s attaned approximately 35 s
after injection of the tracer dye The actual maxi-
mum concentration achieved n the cell was cal-
culated, by hinear approximation, to correspond
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to 13% of the mjected dye concentration All
subsequent concentration values for pyrazmn-
amide and the LAs refer to the imyjected concen-
tration unless otherwise specified From Fig 4
the washout time required to remove all traces of
the dye from the chamber was determined to be 4
min

Pyrazinanude detection

Action potential firing can be induced n re-
sponse to a depolanzing sttmulus This stimulus
may be electrical (a depolarizing voltage or cur-
rent pulse) or chemical (injection of a receptor
agonist) 1 this study we utilize the potent stimu-
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Fig 5 Single-umt (a) and multi-unit (b) response data recorded at different crayfish walking leg nerve fibers in response to the
iyjection of 5% 104 M pyrazinamide The data are shown as viewed with the MacInstruments data acquisition software after

amplification and digitization
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lant pyrazinamide to elicit action potential firing
mn the nerves for the detection of nerve block by
the LAs The response of the crayfish antennular
receptrode to this siimulant has been well charac-
terized by our group [11] The applcation of the
chemoreceptors located mn the first perelopod of
the crayfish to the detection of pyrazinamide 1s
investigated 1n the following section Properties
of this pyridine chemoreceptor agonist which are
favorable to its use as a stimulus for the detection
of the LAs are also investigated

As previously reported [6-11] there are two
types of response patterns that can be obtaned
with the extracellular recording techmques used
in this study, the so-called multi-unit and single-
unit response patterns These two response pat-
terns are illustrated in Fag 5, which depicts the
response (after amplification and digitization) ob-
tained at the crayfish walking leg upon injection
of 5x10™* M pyrazmamide Multi-umt data
consists of action potentials firing at various am-
plitudes 1n response to the stimulant This 1s
because the pickup microelectrode i1s normally in
contact with several nerve fibers and the action
potential amplitude detected 1s dependent on the
seal between the micropipette and the nerve fiber
If only one nerve fires in response to mjection of
stimulant then a single-unit response pattern is
observed, as shown 1 Fig 5a The analysis of
single-unit data 1s simple, relying on the window
discrimunator to eliminate noise and the event
counter to count the frequency of firlng in re-
sponse to stimulation application Multi-unit re-
sponses are more difficult to analyze, requiring
careful consideration of the window for discrimi-
nation of unwanted signals

As discussed previously, an increase i the
action potential firing frequency results from an
myection of a chemoreceptor agomist A typical
lag time between imjection of pyrazinamide and
the onset of increase 1n action potential firing of
45-60 s was seen, with the firing frequency reach-
ing a maximum approximately 15-30 s later The
lag time between maximum cell concentration
(determined to be approximately 35 s after mjec-
tion, from tracer studies above) and maximum
finng frequency attainment may be attributed to
the diffusion of the stimulant through the aes-
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thetasc pore to reach the chemoreceptive den-
drites, this lag has been reported previously for
the detection of pyridine analogues at the cray-
fish A torrentuum walking leg [12] The maximum
finng frequency has been shown to be related to
the concentration of applied agomst [6], allowing
a dose-response curve of maximum firing fre-
quency versus agonist concentration to be con-
structed for pyrazinamde detection at the cray-
fish walking leg A typical dose-response curve 1s
shown mm Fig 6 This curve imdicates that an
mcrease 1n firing frequency over background fir-
mg 1s observed for mjections of pyrazinamide
concentrations above 1 X 10~°> M The dose-re-
sponse curves show linear responses for concen-
trations rangmg from 1 X 104 M up to 5 x 10~
M A response plateau 1s reached at concentra-
tions above 5 X 10~* M, possibly indicating re-
ceptor saturation The dose-response curves ob-
tamned at the crayfish walking leg are similar to
those reportedly obtamned at the crayfish anten-
nule [11] In that study a different cell configura-
tion was used which mvolved a flow injection type
system with minimal dilution of injected agonist
If the walking leg dose-response curves are cor-
rected for stimulant dilution 1n the cell system
utilized 1n this study (vide supra) an EDg, value
(concentration of half-maximal response) of ap-
proximately 2 8 X 107> M 1s obtained This EDs,
value 1s close to that obtained at the antennular
receptrode [11] indicating the homogeneity of this
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chemoreceptor response from structure to struc-
ture

The crayfish pyridine-sensitive units also re-
spond to other pynidine analogues and a detailled
study of the structure—activity relationship of this
receptor in the walking legs of the A rorrentium
crayfish has been reported [12] The order of
potency for the three pyridine based stimulants,
pyrazinamude > 3-acetylpyridine > nicotinamide,
tested n this study at the P clarku walking leg
was similar to that at the A torrentiurn walking
leg The selectivity of the pyridine-sensitive units
in the walking leg of P clarku for pyridine ana-
logues was mvestigated by mjecting solutions of
other possible stimulants This included mmjections
of neurotransmitters, excitatory amno acids, hor-
mones, essential amino acids and other possible
food markers No response at the pynidine-sensi-
tive units for any of these solutions was observed
indicating the high selectivity that can be achieved
with the chemoreceptor-based biosensor

From the dose-response behaviour of pyrazin-
amude at the walking leg chemoreceptor, a pyrazi-
namude concentration of 5 X 10~* M was selected
to elicit axonal action potential firing in order to
detect channel block by the local anesthetics
This concentration simulates the maximum firing
frequency response while minimizing the nerve
poisoning that can result from imections of this
toxic drug The reproducibility of repeated injec-
tions of this concentration of pyrazinamide was
mvestigated to ensure ample time was allowed for
recovery of the nerves between imections and to
assess the working lifetime of the sensor for the
detection of the LAs The time profile resulting
from repeated injections of 5 X 10~* M pyrazi-
namide 1s shown in Fig 7 In this study a 10-min
rinse time between imections was utihzed as
shorter rinse times resulted in a rapid desensiti-
zation leading to a decrease n firing frequency
maxima with each successive injection Figure 7
demonstrates the reproducibility of the biosensor
for repeated pyrazinamide injections Shight vari-
ations 1n the firing frequency maximum occur
over the first 9 njections, yielding a mean firing
frequency maximum value of 71 spikes s~! (rela-
tive standard deviation of 10%) The decrease 1n
the maximum firing frequency with subsequent
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Fig 7 Time profile of the neuronal firing frequency in re-
sponse to repeated mjections of 5x10~* M pyrazinamide

mjections may be attributed to nerve damage
caused by the repeated mjections of the toxic
pyrazinamide and/or by nerve damage resulting
from the stress associated with the suction micro-
electrodes Adaptational events also contribute to
the observed decrease as seen 1n Fig 7 from the
resulting slight recovery in the firing frequency
maximum upon increasing the rinse time to 20
mn The operating lifetime of the biosensor can
thus be assessed to be limited to approximately 2
h An mmprovement in the viable lifetime of the
dissected nerves by incubation 1n oxygenated
saline solution, to approximately two days has
been achieved [23] However, extension of the
operating lifetime of the system using the current
mvasive microelectrode detection procedures has
not been achieved

Local anesthetic detection

The detection of the LAs can be achieved by
monitoring the decrease 1n elicited excitability of
the nerves upon ijection of increasing LA con-
centrations Momnitoring the decrease in sponta-
neous background firing of the nerves upon injec-
tion of the LAs proved unfeasible because of the
low rate of spontaneous firing and the variability
n firing frequency within and between nerve
populations Response curves were generated by
monitoring the decrease i neuronal activity, as
described below, upon injection of mixed solu-
tions of the stimulant, 5 X 10~4 M pyrazmamude,
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and the LA Rinse times of 10 min were normally
allowed for the recovery from block by the nerves
except for concentrations of LA higher than 1 X
10™* M, when longer rninse times were required

Two data analysis procedures were adopted
for the construction of inhibition curves for the
LAs at the crayfish walking leg, depending on the
type of response elicited by mjection of pyrazin-
amide For the single-unit data response patterns,
mhibition curves could be constructed from the
decrease m the detected compound action poten-
tial amplitude with increasing LA concentration
This decrease 1s a result of the increasing block of
axonal sodium channels with increasing LA con-
centration Inhibition curves for the local anes-
thetics Iidocaine and tetracamne constructed in
this manner are shown in Fig 8 For the multi-umt
response patterns it was difficult to resolve the
responding nerve action potential spikes from
each other and the background, thus a different
data analysis approach was devised Using the
wimdow discriminator, a cut-off action potential
amplitude was selected and all of the action po-
tential spikes falling within the window were
counted Upon mnjection of increasing concentra-
tions of the LAs an increasing proportion of the
action potential spikes fail to reach the minimum
amplitude required to be counted Thus mnhibi-
tion curves, similar to those obtamed from the
single-unit response data, can be constructed from
the decrease m the fining frequency maximum
with mjection of increasing LA concentrations
Inhibition curves for procame, lidocame and te-
tracaine analyzed i this manner are presented n
Fig 9 The response curves are affected by the
choice of the discrimmation window and this 1s
reflected in the vanabihity of the results from
preparation to preparation Other factors, such as
differences 1n nerve fiber diameters [24] and the
use-dependent blocking properties of the LAs
[15-18] may also contribute to the variability in
mhibition curves from nerve to nerve

From Figs 8 and 9 IC;, values of approxi-
mately 2 X 10~% M for both lidocaine and tetra-
camne and 5 X 103 M for procaine can be deter-
mined The relative blocking potency of the LAs
has been shown to be related to the pH of the
bathing solution and also to the relative hy-
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Fig 8 Inhibition curves constructed from the decrease
action potential amphtude upon mjection of increasing con-
centrations of the local anesthetics idocaine (a) and tetra-
came (b) The response ratio 1s the ratio between action
potential amplitude obtained upon njection of pyrazi-
namide /local anesthetic mixed solutions and the action po-
tentital amplitude obtained for ijections of pyrazinamide
alone See text for further details

drophobicity of the LAs [15-18] Because both
lidocame and tetracamne have lower pK, values
than procaine, a higher proportion of these drugs
will exist in the more potent neutral form thus
explamning their relative potencies The similar
potency of action between tetracaine and lido-
caimne even with the differences in pK, values can
be attributed to the more hydrophobic nature of
tetracaine thus allowing this LA to interact with
the channel to the same extent as hdocamne In
fact other workers have reported on the higher
potency of tetracaine with respect to hidocaine,
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Fig 9 Inhibition curves constructed from the decrease in the
firing frequency 1n response to stimulant injection upon injec-
tion of increasing concentrations of the local anesthetics pro-
camne (a), lidocaine (b) and tetracaine (¢c) The response ratio
1s the ratio between the finng frequency obtained upon myec-
tion of 5%x10™* M pyrazinamide /local anesthetic (variable
concentration) mixed solutions and that obtained upon inyec-
tion of 5X10~* M pyrazinamide alone See text for further
details
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with the relative potency of the three local anes-
thetics nvestigated in these studies, based on
voltage-clamped frog nerve preparations 18] and
competitive binding of the L.As with radio-labelled
batrachotoxin at sodium channels in a vesicular
preparation from guinea pig cerebral cortex [22],
determined to be tetracaine > hdocaine > pro-
camne The discrepancies between the previously
reported potencies and those reported here may
be attributed to the above mentioned variables
and also to the different detection methods and
preparations utiized in these studies Future re-
search into the application of intact receptors for
the detection and activity assay of channel block-
age in order to mmprove the procedure 1s dis-
cussed below

Conclusion

This report demonstrates the utility of the
chemoreceptors based in the walking leg of the
crayfish for the detection of the antitubercular
drug pyrazinamide This drug has been shown to
elicit a potent reponse at the walking legs of the
crayfish The properties of the response for
pyrazinamide have been utilized for the develop-
ment of a novel detection procedure at the walk-
ing legs This procedure demonstrates the utility
of the chemoreceptor-based sensing system for
the novel apphcation of the detection of local
anesthetic induced channel blockage As the nerve
blocking properties of the LAs 1s related to their
pharmacological activity this procedure has an
added applhcation in the possible screeming of
new local anesthetics Although there are several
problems with the current procedure, such as
Imited Iifetimes, variability of results and the
tedious experimental procedures, future direc-
tions 1n this research could lead to a viable sensor
for the LAs and a simple non-1sotopic screening
assay for the channel blocking activity of drugs
Future work 1n this laboratory will focus on the
use of electrical stimulation of the nerve fibers
for detection of nerve block and on further possi-
ble procedures for the extension of the operating
Iifetimes of the chemoreceptor-based biosensors
Promusing possibilities i this direction mclude
the use of alternative detection methods to the
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mvasive microelectrode techniques, such as volt-
age-sensitive dyes and the detection of the bio-
magnetic field surrounding the nerve fibers upon
stimulation of action potential firing

The assistance of D Wyesuriya 1s acknowl-
edged Fmancial support from the National Sci-
ence Foundation 1s gratefully acknowledged
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